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PREFACE

A dynamic framework is presented for analyzing the impact resuiting
from the construction and operation of a nuclear powér plant in South
County, Rhode !sland. The novel approach to the impact analysis is
introduced in non-technical form in Chapter 2. The evaluation of the
project's impact dynamics is presented in Chapters 3 and 4. The use of

simulations in this report is mainly to introduce the impact dynamic

processes and develop scenarios with which essential impact features

can be examined and mitigafion strategies can be outlined.

We are indebted to the many individuals who broadened our under-
standiné and who responded to our queries, thereby making this study
possible. We are particularly indebted to Dr. David Durand for his
stimulating discussions in the early stages of the project, and to Or.
S. Basheer Ahmed for his comments on an early draft of this report.
However, the responsibility for this report rests with the authors.
The assistance of Mark Brody in thé preparation of data is greatfully

acknowledged.

We would like to express our appreciation to Jonathan Feinstein,
former Director, and to Cynthia G. Collins, Acting Director, and to
their staff at the Regional Energy Impact Program for their assistance

in this undertaking.

E.R. and S.H.L.
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1. INTRODUCTION

1.1 Purpose

The purpose of this report is to present the results of the exam-
ination of the dynamic economic impact of the Charlestown Nuclear Power
Plant on the coastal communities pf.SOuth cOunty,'Rhode Island, shown in
Figqure 1. Because the original application for the Charlestown Nuclear
Power Plant was tentatively withdrawn, and. is expected to be resubmitted
around 1995, and because of the present uncertainty as to where the plant
is to be built--in Charlestown or Westerly--the evaluation is presented
in terms of scenarios focusing on two fundamental issues which are of

particular interest to South County.

The two fundamental issues are: (a) empioyment, and specifically

the potential for job creation, and (b) the seasonality of the coastal

economy. Their implications on the growth prospects of South County
raise the issues that ought to be addressed by the State and the local
governments charged with the provision of services and facilities in the
Region. In this way, advance mitigation strategies can be formulated and

accommodation plans can be developed in an orderly and timely manner.

Power plant construction has'u5ually been favored because of the
stability it brings to the labor market by the provision of long-term
construction jobs. The case study examination of the Millstone Nuclear
Power Plant in Waterbury, Connecticut by Grant and Cameron (1980), attests
to this attitude. Similar interest was expressed in the proposed Charles-

town Nuclear Power Plant by Providence labor, Callaghan and Comerford (1973).

However, in past examinations and assessments employment was measured
in labor-years. This measure does not furnish the number of employees
that are expected to be employed by the project. One hundred labor years
may mean 100 jobs for embloyees working one year each, or 20 jobs for
employees working five years each, or any of many other combinations.

This measurement ambiguity was recognized by Callaghan and Comerford (1973,

-1~
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p; 29), who noted the error of equating a work-year with an employee-
per-year in computing ﬁhe number of employees as a function of work-years.
Their«ekamination revealed this type of error in manpower estimates for
the Charlestown Plant made both by NEPCQ and by the Construction Manpower
Demand System,‘CMDS, of the TVA,

The present study addresses this problem by examining the impact
dynamics of the plant construction. The analysis furnishes information

not only on the potential for jéb creation, but also on job duration.

Seasonality was found to be an important economic characteristic
of the coastal communities in South County, see Romanoff (1380) and the.
main report of the South County Regional Impact Program. Agriculture,
fishing and their related industries are seasonal. Tourist trade”and
summer homes, and their supporting industries are most active during the
summer months. The temporal and:seasonal conflici between the economic
activity of the South County economy which peaks during the summer months,
and power plant construction which usually peaks during the non-winter
months, raises an important issue for impact mitigation--namely, how to
reconcile the temporal competition for the various resources in the
Region; The identification of this important issue is achieved by the
use of scenarios in which the power plant construction schedule is modi-
fied in order to accommodate the South County economy. The analysis
introduces some of the dynamic impact characteristics relevant to this’

issue.

1.2 Planning, Construction and Operations

The main benefits from building a power plant accrue to the users of
energy; the benefits to construction are secondary. This distinction
originates with benefit-cost analysis which was developed in response to
a congressional mandate to evaluate the worthiness of federal water‘
resource developments. As originally formulated in benefit-cost analysis,
secondary benefits fall on the construction industry, which builds a dam
designed to control floods and provide irrigafién. These benefits must’
be distinguished from the project's intended, or primary, benefits designed
to be bestowed upon the farmers of the area. Similarly with power plant

construction, secondary benefits fall on the construction industry building



the plant, while primary benefits accrue to the public by the provision

of electricity.

A distinction must also be drawn between power plant construction and
operation with regard to the dynamics of impact. Once the plant is built,
its operation is more or less stable and continuous over its lifetime, with
periodic shutdowns for refueling. By contrast, power plant construction
is 3 transient, relatively short-term event, lasting only several vyears,
and the economic impulses generated are usually not unifdrmﬁy distributed
over that period. As will be shown, the duration of the overall economic
impact of power plant construction is longer than the construction period
itself. This temporal distinction is due to the transient nature of the
construction process, which imposes unique dynamic characteristics on the
resulting impact. In addition to power plant construction andvoperation,
where each generates its unique repercussions on the economy, the power
plant planning and review process also generates its own unique impact on

the economy. -

Of these three periods--planning and review, construction, and opera-
tion=~this study focuses on the latter two, emphasizing construction.

Finally, an impqrtant note on terminology is in order. Primary and
secondary benefits stemming from benefit-cost analysis must be distinguished
from direct and indirect effects and first, second, and subsequent round
effects, all originating with input-output analysis. As will be shown, sec-
ondary benefits (and costs) of power plant construction can also be divided
into direct and indirect effects. With the proliferation of impact studies
of power plants.in Rhode (sland and elsewhere, these terms are used inter-
changeably and thus blur the analysis; in this study we adhere to the dis~

tinctions noted.

1.3 OQutiine of Stuay

' The examination is undertaken by the simulation of Future scenarios
aimed at a broad brush sketching, as it were, of thé dynamic impact in
order to introduce and describe the two key issues noted earlier. Because
of the broad scope of the subject matter and the_désire to present the
material in non-technical form, further deta}led information, such as

employment breakdeowns by occupational detail and other issues, are excluded
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at this time. Technical detail can be filled in at a later date énd the
analysis can be deepened if undertaken nearer the dates at which the util-
ity will be granted hearings on its renewed application, and after the

specific construction site in South County has been determined.

The study is in three parts. In Chapter 2, the economic impact

characteristics of nuclear power plant construction are described, indicat=-

ing their causes and effects and leading to the dynamic consideration of
impacts. :

In Chapter 3, the simulation of two simplified scenarios is presented,
the impact of plant construction on the potential for job creation and job
duration are evaluated and the effects on" the coastal seasonal economy

indicated. The impact of plant operation is also presented in that chapter.

Finally, in Chapter 4, some of the impliéations for South County are

indicated and policy issues requiring resolution are discussed with some
paths to their solution noted. ‘
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2. ECCNOMIC IMPACT CHARACTERISTICS

2.1 General Framework

2.1.1 The Construction Project and the Regional Economy

The purpose of this‘chapter is to present a framework for examining
the dynamic impact of the power plant construction on the economy. This
introductory framework can then serve as a guide to the impact evaluations
presented in the following chapter. To understand the overall process, -
we must considér, (a) some of the characteristics of the triggering event,
the construction of a nuclear power plant, and (b) the characteristics of
the responding State economy. It is -the interaction ofﬁnuélear power
plant construction with the cperations of the Rhode lsland economy, in-
cluding the economy of South County, that determines the economic reper=-

cussions. The process is viewed in its dynamic settings.

2.1.2 Direct and Indirect Effects )

 Consider briefly the economic impéct of power plant construction.
Its direct effects are on the construction industries engaged in construct-
ing the plant, and the indirect effects spill from the c¢onstruction indus-
tries to all other industries in the economy. Once plans are developed,
reviewed and approved, and financing is secured, the project is ready for
execution. The construction firm which is selected to construct the plant
must employ labor and purchase materials and services and must complete
its tasks within a specified time. The purchased materials and seryices
place their own demand for labor and for materials and services on many
other additional industries. Thus, the EEEEL effect consists of both

direct and indirect effects. To these, induced effects ought to be added

to measure the direct and indirect-like effects caused by the hiring of
labor which, with increase in income, is able to spend more on consumer
items, thereby further stimulating the economy.. Thus, in considering the
overall impact, one must count both direct and indirect effects and, if
possibie, aiso the induced effects. This study examines the total effect,

consisting of the direct and indirect effects.
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2.2 Construction Technology and Configurations

2.2.1 Construction Technology

Power plant construction processes have unique technologies. The
simplest distinction is among the building of structures, the erection
and assembly of the mechanical equipment, and installation of the elec-
trical and electronic systems. .The construction technologies may be
further modified by the unique design configurations which alter the re-
source requirements for each site. These may be further influenced by
special institutional considerations unique to each region, such as union

rules affecting hiring practices.

Construction projects usually require the use of several technolo-

gies which are represented by specific construction industries or sub=~

industries. These may be undertaken by one or more construction contracts.

Each of the technologies draws on different combinations of labor skills
and materials. For example, structures require significant quantities of
reinforcing steel and concrete while the fabrication and installation of
plants' turbines require other kinds of steel and, instead of concrete,

require other products.

The distinctions among the construction technologies are important
to. impact analysis, for each tends to generate its unique impact on the
economy. The magnitude and the relative representation of each of the

construction technologies contribute to the characteristics of impact.

The direct plant construction costs for the Charlestown plant

shown in Table 2-1 suggest the construction technologies involved, i.e.

Million $

General and Structural Work 386.6
Mechanical Work ’ 577.3
Electrical Work 141.9

Direct Construction Costs 1,106.0

Each of these technologies primarily uses the services of civil, mech-

anical and electrical engineers.

The indirect plant construction costs of 260 million dollars shown
in Table 2-1 generate their own impacts; these impacts usually are not

as great as those-due to direct costs. For simplicity these indirect
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Direct Plant Construction Costs

" TABLE 2-~1

CHARLESTOWN NUCLEAR POWER PLANT CAPITAL INVESTMENT SUMMARY

1978

Million

Dollars

Structures and site facilities
Reactor plant equipment
Turbine plant equipment
Electric plant equipment
Misc. plant equipment
Spare parts allowance
Contingency allowance

Subtotal

Indirect Plant Construction Costs

Construction facilities, equip. and services
Engineering and const. management services
Other costs.

Subtotal

Total Construction Cost

Other Costs

Interest during construction
Cost at start of construction
Escalation during const. (at 6%/yr.)

Total power plant capital investment

342
358
145
120
1l

2

128
1,106

38
137
85
260

—————e.

1,366

905
2,01

620

2,631

Source: NEPCO Response to NRC request for additional information,

April 13, 1978.



construction costs are allocated among the three construction technolo-
gies to obtain the costs which are likely to generate the economic im-

pact, and specifically, the demand for labor.

The total construction cost of 1,366 million dollars accounts for
only about 52 percent of the total plant capital investment of 2,631
million dollars. The other costs shown in the table ought to be excluded
because interest on borrowed funds and the escalation adjustment for
inflation are‘fiscal factors which do not generate a unique impgct on the
State economy. Since inflation and funds borrowed on national financial
markets have nationwide effects, the Other Costs shown in Table 2-1 must
be separately treated and analyzed within a different framework. They

are excluded from the study.

2.2.2 The Estimated Construction Cost Schedule

l

In order to gain an insight into the dynamics of the impact' of power
plant construction, one ought to consider not only the total construction
cost estimated for the project, but also how it is distributed over time.
This is because the construction process itself is a complex, sequential
operation. As with ordinary buildings, where a trench must be dug and
foundations built before walls can be erected and a roof spanned, so it
is with power plant construction. Sites are first prepared, including
access roads and support facilities; then trenches are dug and foundations
are built over which the required structures are erected. Plant equipment
and control and safety systems are installed, and facilities are completed
and furnished. Each operation requires itsvcomplement of labor skills,
specialized equipment, and a unigue combination of materials. Because
power plant construction requires particular attention to safety, the
timing and duration of each operation must be carefully orchestrated in
order to provide for the testing of components and subsystems of the plant.
Because of the required synchronizétion of the construction schedule, the
builder must carefully schedule the delivery of his suppiies to fit his

pace of construction.

The data for the then-proposed Charlestown plant show an eleven-vear
estimated total construction cost schedule, with completion of the first

plant scheduied for 1986 and of the second plant for 1988, for a total of



1,564 million‘l978 dolilars.* See Table 2-2. The construction cost sched~
ule shows a gradual increase in the pace of .construction in the first five
years in the life of the project, an accelerated pace of construction for
three years when each year accounts for about one-fifth of the total cost,
and then a three-year period of decline in the pace of construction as the
project nears completion. If this eleven-year construction cost schedule
were realized, the costs as they are distributed over time imply that
inflationary effects since 1978 would drastically alter the total cost

of the project and may raise the question of its profitability. Changes

"in electric rates would be required to absorb these added costs.

2.2.3 The Realized Construction Cost Schedule

The distinction between estimated and the actual or realized construc-
tion cost schedules is important, for although past impact studies were
based on the estimated cost, it is important to recognize that the estim-
ated cost is associated with a schedule and that both will be modified
during construction. Delays and added cost will be seen to have unigue
impacts on the economy; they may differ significantly from those based

on the originally estimated construction cost schedule.

The incfeasing extent and complexity of regulations required of nu-
clear power plants lengthened the duration of the construction period
during the past two decades. Crowley (1976, p. 32) shows the lengthening

trend in nuclear power plant construction schedules:

Total from Early Plamning and Preparation

Construction Through Pre-Testing and Start-Up
Year (months) (months)
1967 42 ' 63 - 66
1969 46 70 - 73
1974 40 96 -105

The construction period was lengthened from 42 months (3.5 years) in 1967

%* The revised cost estimate of 1,546 million dollars, shown in Table 2-2,
is larger than the 1,366 million dollars shown in Table 2-1. The revision
includes an estimate of 154 million doilars for fuel costs, which accounts
for most of the difference.
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TABLE 2-2
ESTIMATED TOTAL CONSTRUCTION COST SCHEDULE NEPCO 1 & 2, EXCLUDING ESCALATION

(1978 1000 Dollars)

Total Cest

Year (1978 1000 Dollars) Percent of Total
1978 ‘ 3,695 2
1979 - 13,455 .9
1980 26,590 1.7
1981 77,745 5.0
1982 137,475 _ -9
1983 - 332,470 - 21.5
1984 319,370 20.7
1985 ' - 319,980 20.7
1986 . 167,870 ©10.9
1987 113,250 7.3
1988 34,065 2.2

1,545,965 100.0

Source: NEPCO | & 2, Revision 2, Schedule 2, Costs Currently Estimated,
June, 1978. . .
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to 60 months (5 years) in 1974, with the trend apparently continuing since

that time.

The process of constructing a nuclear power plant requires continuous
attention to safety requirements, which are themselves continually changing.
Design modifications are usuélly required. These modifications and the
ensuing delays increase the cost of construction and lengthen the construc-
tion schedule. Delays in delivery are also not uncommon.* The comparison
of estimated cost trends with actual experience in the nuclear industry
is shown in Figure 2-1. The lower curve shows the costs estimated at
project initiation. The top curve represents the actual experience to
the end of 1975; the dotted line is the projection of past expérience.
Although delays and added costs are common and ought to be expected, es-
timating the relationshfp between delays and added costs is not a simple
task.

Nor are these delays and added_cost unique to the construction of
nuclear powef plants. They are common to most large and complex construc-
tion pfojects, e.g., mass transit construction; see Romanoff and Levine

(1379b) .

2.2.4 Impact of Construction on Supplying Industries

The impact of the construction technologies on the supplying indus-
tries generates the ‘indirect effects noted earlier. The dynamic charac-
.teristits of this process are now discussed. Procurement for a construc-
tion project generally does not start until the construction firm deter-
mines the equipment and materials needed at the site. The resulting
technical requisitions for such goods enable the purchasing department
of the firm to develop its procurement program involving bids, actual
purchases and inspection of shipped goods which ought to arrive at

predetermined dates consistent with the construction schedule. Included

% Crowley (1976, p. 31) notes that it is not uncommon for equipment to be
delivered more than 12 months later than promised by suppliers, and that
suppliers will not contract for firm delivery dates with penalty pro-
visions. Changes in NRC standards also contribute to delay in delivery.
Crowley estimates that a one-year extension in schedule for a two-unit
nuclear power plant adds more than 170 million dollars in escalation and
interest cost during construction.
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also are subcontracts to be awarded to the speéié! trade contractors and
fabricators. While some goods, such as cement, steel bars, and lumber

can be supplied from inventories of wholesalers or of the respective
producers, others cannot be so obtained. By contrast with standard items,
materials and components which must be fabricated to special specifica-
tions to suit a particular constructidn job must be ordered well in
advance of acquisition. This lead time implies that for these products,
such as steel~fabricated plate girders, reactor vessels, or electronic
safety and contro] equipment, fabrication and assembiy must precade the

delivery which is to be made sometime in the future.

Consider the economic repercussions of the process just described.
With the issuance of the construction contract, the construction firm
starts employing its off-site labor for the project; these include its
office and yard personnel. Once the requirements for equipment and mater-
ials are determined, they arehordered. In the meantime, the construction
firm can also start on the preliminary work such as site preparation, and
then excavation. The cement needed for structural work is delivered at
specific periods. Girders requiring lead time for fabrication arrive,

later for installation.

This simpie example suggests the dynamics of impact. The purchase
of standard items which are withdrawn from inventories implies that cement,
steel bars and lumber, in our example, are produced in part before the
construction contract has been awarded and construction starts, and are
produced in part during a construction period for delivery during the later
phases of the project. The production of the plate girders fabricated to
special specification, on the other hand, occurs during the construction
period of that project. However, the steel shapes required for the fabri-
cation of the girders may have also been produced before the start of con-
struction. This is schematically illustrated in Figure 2-2. The figure
shows that the production perioed for all construction materials was in-
itiated ahead of the construction start and may also terminate prior to
construction completion, with the total period being perhaps longer than

that of construction.* Production during the construction supply period

* The production supply period includes the building up of inventories to
desired levels after the completion of production to satisfy construc-
tion demand. :
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represents the duration of indirect effects. fhﬁs, the total effect of
both direct and indirect effects is represented by the total impact period
and is initiated with the production of materials to be supplied to con-
struction and usually terminates with the end of the construction pericd.
The duration of the total impact period is ﬁhu5'longer than that of the

construction period.

2.3 The Regionaf Economy

2.3.1 The Structure of Production

Following the discussion of the triggering event of the impact,
namely, power plant construction, attention is now directed to the charac-
teristics of the local--State--economy, for it is the interactién of power
plant construction with the local economy which generates the economic
consequences to bg examined. The most important characteristics of the
local eccnomy pertain to its structure of production, to the composition
of local industries, and to the economic linkages among them. FfFor impact
assessment, the list of the industries in the State of Rhode l|sland can
provide the information on particular products which can be supplied by
local producticon. For example, states like Rhode Island in which there
is no cement.industry, must import that product and the impact on that
industry will be felt in another state. In an interindustry 'matrix of the
input-output model, the economic linkages among the industries indicate
the magnitude of the impaét transmitted among industries. However, if
there is no local cement industry, the transmission of economic reper-
cussions for that industry and its suppliers are excluded from the total

focal effect on the State. The example suggests that, generally, the

larger and more diversified the State economy, the larger the regional econ-

omic impact is likely to be.

Industry production characteristics tend to vary among states, as was
shown in several studies, recently in Romanoff, Ahmed and Davis (1978),
which compared Kentucky with Massachusetts. Among the reasons for the
variations in industry regional production characteristics are differences
in price, in proximity to sources of supply and markets, in energy costs,
and in labor costs. These differences will affect the magnitude of the
economic transmission among industries, thereby affecting the distrubu-

tive characteristicsbof the impact and its total effect on the economy.
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Production characteristics are also known to change with time.
Consequently, changes in the regional economy will affect production
characteristics and the structure of production, implying that Impacts
measured for one périod (decade) are not likely to be replicated in

another,

2.3.2 The State and the South County Economies

Although the local economy respondfng to the power plant construc-
tion project is that of the State, interest focuses on the impact gener-
ated in the South County economy. The State was selected as the local
responding economic area because it is large enough to contain inter-
industry linkages which, by contrast, are barely represented within
South'County. Most local pro&uction is concentrated in and around
Providence, the central city of the metropolitan area (SMSA). Far
example, the Rhode island part of the SMSA includes most of the State
manufacturers. The relevant data from the latest U.S. Census of Manu-
facturers, for 1977, are shown in the tabulation below:

R.l. Part Part of SMSA
Rhode Island of SMSA as % of State

Establishments . 3,103 2,969 95.7
Employees (000) 125.7 119.1 94 .7
9

Value of Shipments 5,410.5 5,135.2 9k,
(millions of dollars) _ '

By contrast, South County manufacturing employment accounted for about

three percent of the State, in 1977. Further, not all Rhode !sland in-

dustries are represented in South County.=*

For these reasons, the local structure of production represents the

Rhode Island economy, and the measures derived are allocated to the South

- County Region.

For purposes of analysis, the structure of production of the Rhode

I'sland economy is classified into 28 industries, i.e.:

% Part of South County is included in the Providence SMSA. For further

detail on the South County economy and its.growth prospects, see the
main report. : . )
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2 extractive industries

14 manufacturing industries

4 transportation, trade and
service industries

2 subcontractors and fabricators
6 construction industries
28 total, Rhode |sland economy

Further detail on the Rhode Island economy as used in the model is given

in the Appendix.

2.4 Dynamic Considerations

2.4.1 Temporal Effects

The temporal characteristics of the power plant construction projgct
were discussed in terms of their direct and indirect effects. It was
suggested that some of the indirect effects on production and the use of
labor may actually occur ahead of the construction project. In order to
gain an insight into this phenomenon, consider briefly some production
characteristics in their dynamic setting. Some industries produce ahead
of demand by building up inventories. When orders arrive, goods are ‘
withdrawn from inventories for shipment. Most agricultural and mining
industries, as well as many manufacturing industries, produce in this
manner. Their products are usually standardized and are demanded by

many other industries. On the other hand, some industries produce only

" in response to an order, and hence do not carry inventories of their pro-

ducts (e.g., the construcfion industry, metal fabricators of plate gir-
ders, precast concrete producers). Their products are generally special-
ized and they also produce customized items. There are alsoc industries '
which produce in both modes, in anticipation and in response to demand;

see Romanoff and Levine (1976).

To the extent that the construction industry opefates in a respon-

- sive manner (in response to an order) and since power plant construction

represents a highly specialized technology, many of the construction
supplying industries (in the building material industries and equipment
producers) also operate responsively. The suppliers to the building
méterial industries, supplying the construction industries, usually oper-
ate in anticipation of an order by building up inventories of steel,

cement, wire and similar products. However, because of the unique tech-
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nology of nuclear power plant construction, requirfng, say, steel beams
of extra large size (to produce the plate girders of our example), and
because only a few projects are undertaken at a time, and the technology
itself is not fully standardized, there is no incentive to build up
inventories for an uncertain market. As a result, heavier reliance is
placed on responsive production, and because |tems may have to be spec-

ially ordered, their price may be higher than if they were standardized.

Further, inventory levels tend to fluctuate with the business cycle.
At particular phases of the cycle, a sudden surge in the demand for pro-
ducts necessary for power plant construction projects may place an undue l
préssure on inventories, resulting in higher prices. Temporary shortages
for specific products may also occur until producers operating in an an-
ticipatory manner have had a chance to catch up with the backlcog of orders
by shifting to responsive production. Consequently, the dynamics of the

impact may vary during the phases of the business cycle.

2.4.2 Dynamics of Impact

The above discussion suggests that because of the various temporal
effects of power plant construction and its impact on the economy, the
dynamiés of impact will generate unique production chronologies for the
affected .industries and thus also employment chronoiogies. In measuring
these effects, it must be underscored that the initial effects on the con-
struction industries tend to generate their own distributional rebercus-
sions which cannot be directly estimated; for, as with many interdepen-
dent elements of complex systems, such as the industrialized economy of
Rhode |sland, indirect éffects may have unforeseen conseguences unless
considered within the. context of the entire system. The dynamic aspects

of impact add further to this complexity.

To gain an insight into the dynamics of impact and the impact chronf
ologies thus generated, consider the manner in which the economy responds
to the stimulus of power plant construction. Here the production charac-
teristics of industries operating in anticipation of demand are important,
for they are responding to information on what this future demand is ex-
pected to be. Their production chronologies make it possibie to gauge
the duration of the lead time necessary to accommodate the construction

demand of the project. The critical question is whether the information
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lead time about the project is of sufficient duration so that the economic
system will be able to make the adjustments to the new levels of demand
when they actually occur. C(Clearly, this depends on the various response
times of the economic sysfem, as well as the information lead time and
involves not only the construction project of our concern here, but also

other markets and the phase of the business cycle.

The above portrayed the economic system as an aggregate entity.
A more detailed analysis would indicate that each industry must be so
considered, and that some will have longer lead times than others, and
that in some situations, production shortages may be found within the
production network. See Appendix for further description of the model

used in the analysis.

The total productioﬁ chronology can be schematically depicted by
building upon Figu}e 2-2. Summing up the production chronologies of these
industries, the direct, indirect and total production chronclogies are
obtained. These are illustrated in Figure 2-3. The resulting production
chronologies are influenced by the dynamics of the project construction
cost schedule and the State structure of the production, and lead to the
employment chrqnologies. These, in turn, determine the potential number

of jobs that will be generated and their duration as shown in Chapter 3.



e

-

Production chronologies of:

Indirect Effect T

Other Industries

Diract £ffect
Construction

—_— — — e — & —_ —

Total Effect

-

!

! Construction Period

| .

: . | !

| Production ‘ 4
" Tead time | Bl I
| l |
. | !

| Indirect Production Period | |

vL* et .
! |
! |
! Total Impact Pericd !
- -

{

FIGURE 2-3: PRODUCTION CHRONOLOGIES AND |MPACT

PERIODS OF DIRECT, INDIRECT AND
TOTAL EFFECTS - SCHEMATIC iLLUS-
TRATION



h "‘

-22=

3. SIMULATIONS OF IMPACT

3.1 Simulations of Some |mportant Features

3.1.1 Simulations

The simulations of the economic impact of the nuclear power plant
are presented. in this chapter in the context of scenarios in which the
potentials for job creation and job duration are derived. The postpon-
ment in the construction of the power plant to 1995 requires the long-
term estimation of events and their consequences which are expected to
transpire 15 to 25 years‘From now. To do so, one must estimate the
future characteristics of the construction project which will trigger
the causal mechanisms to yield tﬁe impact, and the future characteristics
of the structure of production of the Rhode !sland economy which will
generate the impact in response to the construction project. In order
to achieve phis task, use is made of simulations, which are sets of
mathematical operations usaed to examine a series of situations which

could well occur in practice.. The use of simulations makes it possible

to introduce and illustrate some of the impartant features of the econ-

omic impact dynamics as they may affect the South County Region.

3.1.2 Some Important Features

The simulations examine industry response to power plant construc-
tion. This involves both direct and indirect effects because of the
interdependence of the Rhode lIsland economy. Because of the dynamic na-
ture of the construction process and of the findustries' adjustment to
changes in demand, it is necessary to chart the chronclogy of the impact
in terms of the fluctuations in industries' production which determine

the demand for labor.

Such chronologies are generated in response to the Construction
Cost Schedule (CCS), and imply adjustment paths which may be subject to
several effects, including delays from the estimated to the actual or

realized CCS. These chronologies suggest the use of simulations in the
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context of scenarios in which both the estimated CCS and the '‘realized"
CCS are considered, and where component effects can be examined separately

for each case.

The dynamically derived employment chronologies provide for the es-
timatjon of the impact of power plant construction on the employment
potential in terms of:

(a) Job Creation, and

(b) Job Duration
Data of job creation by job duration when allocated to South County can
thus be used to examine the implications of the dynamics of labor demand

on the Region.

Accordingly, the simulations emphasize the impact on employment,
involving the resulting employment chronologies and their implications
in terms of job creation and job duration potentials, thereby indicating
the ramifications of the impact on South County. Information on the
project's impact on the seasonality of the Region is included. In this
way, the issues raised by the proposed plant cam be identified and
their characteristics introduced; the issues invoived in their soclution
can thus be examined in order to guide the coastal communities in the
formulation of their timely policies by responding in advance of the

hearings on the proposed project.
3.2 Scenarios

3.2.1 Simple Scenarios

Simple scenarios are presented to introduce and illustrate some of
the key features of dynamic impact characteristics and the emerging
issues involved. The use of scenarios enables the generation of the
impact stemming from future events where only some aspects of the events

can be forecast reliably, yet the evaluation of all relevant parameters

" must be undertaken. Another objéctive is to facilitate the simulation

by focusing only on the measures of interest to this study. An impor-
tant feature of the present scenarios is the incorporation of the dynamics
of possible future events; they provide for the introduction and the
examination of the two key issues noted earlier. |t should be noted that

scenarios are perceptions of possible future events.



..v...ia.”,q

g

[ p—

-2k

Two scenarios are presented: Scenario A pertains to the estimated
construction cost schedule to build the plant, as may be prepared by the
utility. Scenario B pertains to the ''realized" construction cost schedule,

as may evolve during construction, and includes delay and added costs. As

will be seen, the distinction between the impacts generated by these two

construction cost schedules underscores one of the most important issues

in this evaluation.

In the scenario, NEPCO 1 & 2 are schedu]gd for construction in 1995
or a few years later. Although oriéinally the construction cost schedule,
Table 2-2, was estimated at eleven years, in Scenario A the estimated
construction cost schedule Is set at eight years. The rationale for the
shorter period stems mainly from two reasons. The first reason is based
on the experience of the Three Mile lsland'episode, and the resulting-
inquiry; it may be reasonably expected that future NRC regqulations and
standards will be tightened and streamiined. In addition to improving on
the safety of plants, the streamlining ought also enable the nuclear in-

dustry to shorten its construction period.

The other reason stems from foreseeable demographic trends, sug-
gesting that, because of the decline in birth rates in the sixties and
seventies, the population in working age groups is not likely to increase

in the nineties as they did in the past few decades. Labor shortages may

‘prevail, leading to increased automation in order to raise productivity.

As a result, the demand for capital may continue the inflationary pressere,
although not as severe as in the current experience. These inflationary
pressures .and the competition for scarce labor are likely to modify the

technology of construction and shorten the construction period.

The scenario implies the possibility that, whereas currently the larger

the number of employees required of a power plant construction project the

more desirable it may be considered, by the turn of the century the reverse

may hold. Projects requiring the least number of employees may be preferred.

3.2.2 Construction Cost Schedules

The Estimated Construction Cost Schedule, Scenario A. The Total

estimated construction cost of the project is set at 1,546 million 1978

dollars, as shown in Table 2-2. By)holding to this fiqure, it is possible
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ww approximate the future expected impact in terms best u
basis of current information. The total construction cos
among the three construction technologies in a manner desc

Section 2.2, i.e.:

Million §

General and Structural Work 549
Mechanical Work : 720
Electrical Work 277

Total Construction Cost 1,546

The estimated construction cost schedule for these three tech
shown in Figure 3~-1, where quarterly expenditure levels are‘h
in order to clea}iy identiFy the seasonality issues, the proje
at the beginning of the vyear so that the third quarter of each

the 1ife of the project represents the summer months.*%

Consider the timing and duration of the three.estimated te
schedules shown in Figure 3-1. Construction starts with Genera.
Structural Work which lasts 32 quarterS'(eight years) to project
tion. Mechanical Work starts four quarters (one year) after the
of General and Structural Work, and terminates in the 28th quarte
quarters ahead of project completion. Electrical Work starts at
eighth quarter and terminates at the 30th quarter, two quarters at

estimated project completion.

In the scenario, the estimated CCS is designed to accommodate

.compensate for the seasonality of the South County economy. Seasc¢

employment in South County for the 1976-1977 period yields the fol
Jowing when converted to a quarterly employment index (lst quarter
1.00): '

* The scenario schedu!eg ére designed in general conformity with t
on relative duration and timing of specific tasks in the constrt
nuclear power plants, given in DOL/DOE (1973).

** Quarterly data are used because of the long-term forecast invol
the analysis and because quarterly data are judged to be better
than monthly data for introducing the issues involved, particuls
seasonal ity.
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Quarter - Employment Index
First ’ 1.00
Second 1.11
Third : 1.24
Fourth 1.08

Accordingly, the estimated CCS is designed to compensate for the regional
seasonality by using the following restrictions on the mean project gquar-
terly expenditure levels ( for the three technologies combined):
(a) Average of second and third quarter expenditure should
be less than or egual to first quarter expenditure;

(b) Third quarter (summer) expenditure should be less than
or at most equal to that of the second quarter;

(¢) Fourth quarter expenditure may be larger than preced-
ing first quarter expenditure (this is particularly
important in the first few years of the project when
construction accelerates); :

(d) Restriction (b) should apply annually, as well as to
the mean. -

The resulting quarterly indices for the estimated CCS of Scenario

A are:

] 1.00 2.33 2.33 2.67
2 1.00 1.18 1.18 1.63
3 . 1.00 1.18 1.18 1.35
L 1.00 1.00 .96 .90
5 1.00 .97 .95 .95
6. 1.00 .88 .66 .65
7 1.00 .90 45 .40
8 1.00 .88 .50 .25
Project )
Mean 1.00 1.03 .92 .96
Mean Ex-
penditure 49.50 50.75 45.50 47.50

(1978 million dollars)

In this respect, the CCS is designed to accommodate the seasonality in

the Region.

The Construction Cost Schedule of Scenario 8. The use of scenarios

makes it possible to simulate not only the impact resulting from the es-

.timated construction cost schedule, but also from the ''actual' or
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"'realized'' construction cost schedule. The latter evolves from the former
because of delays and added costs. This ''realized'" CCS, which is described

in Scenario B, is also shown in Figure 3-1.

The time-dependent ingredients of Scenario B are essential to .impact
analysis. Since delays and added costs are usually associated with the
construction of nuclear power plants, the use of the estimated CCS will
bias results. It is then necessary to estimate the impact resulting from
the project ''as built'' rather than ''as initially desfgned.” This require-
ment adds further complexity to impact analysis: which must alter the
initially estimated CCS by possible delays and added costs, which cannot'.
be reliably forecast well ahead of construction at ;he time the impact
study. is undertaken and the project is evaluated. Scenarios are used to

address this issue.

- Qut of many possible reasons for delays and added costs, one set is
selected for represen;ation in Scenario B. Two fypica] disturbances lead
to the evoiving CCS of Scenario B, consistent with the material presented
in Chapter 2. One is the issuance of new federal regulations affecting
the construction process; the other is a delay in delivery of supplies.
The scenario thus foresees a set of fairly reasonable avents. A more
sophisticated evaluation will examine an array of such events for their

possible implications.*

In Scenario B, the ﬁroject begins and proceeds according to the
estimated CCS of Scenario A for the first efght quarters. However, at
the beginning of the ninth quarter, newly issued regulations affect the
pace of construction of Mechanical Work. As a result, Mechanical Work
cannot accelerate to the 28 million dollars'originally estimated by be-
ginning work on the secoqd unit of the plant; it continues to operate for
the next four quarters (the third year) at the level it did in the eighth

quarter--18 million dollars. B8y that time, all necessary design modi-

fication, on-site corrections, and changes in orders to fabricators are

* {n response to the announcement by the utility to withdraw its applica-
tion, midcourse changes in study design necessitated the long-range
evaluation; together with budget limitations, this precluded the more
extensive examination. '
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¥ accomplished so that by the 13th quarter, Mechanical Work begins to pick
.’ ' up‘ the pace‘o'f construction.
@ This delay has its effects on the other two construction technolo-
: gies. General and Structural Work is imme&iate]y affected; its pace of
1 construction in the ninth quarter, which should have been at 28 million
é dollars, is dropped to 20 million, and by the summer of the eleventh
] quarter construction is decreased to 15 million dollars and then slowly
}4. picks up.. The effect on Electrical Work is delayed by cne gquarter; in
the tenth quarter its pace of construction is increased to 12 instead of
1«* 14 million dollars; this level is maintained for six quarters, and in the
‘ 16th quarter the pace of construction slowly begins to increase.
I Another change in the construction cost schedule occurs on the 25th
quarter in the life of the project. It affects first Electrical Work and

[ |

involves delays in the delivery of modified equipment. Again, the other
technologies are also affected, resulting in additional lengthening of

s¢hedule and in added costs.

[

As the result, the project schedule is lengthened by two years to
ten years and the cost is increased by 310 million dollars to 1,856
million dollars. See Table 3-1 for the comparisons of costs and sched-

ules between the CCSs of the three technologies in the scenarios.

The resulting quarterly indices for the CCS of Scenario B are:

Year Q1 2 Q3 Qh
1 1.00 2.33 2.33 2.67
2 1.00 1.88 1.38 1.63
3 1.00 1.04 .96 1.00
1 4 1.00 1.07 1.07 - 1.25
. 5 1.00 1.07 1.07 1.20
1. 6 1.00 .98 .96 .89
7 1.00 .60 .56 .62
] 8 1.00 .98 .92 .86
2. g 1.00 .93 .81 .60
- 10 1.00 .80 .20 .20
% Project
- Mean 1.00 .98 .93 _ .98
H Mean Ex-
: penditure 4.77 46.70 44 40 4L6.80

o (1978 million dollars)
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TABLE 3-1

CONSTRUCTION COSTS AND SCHEDULES
OF SCENARIOS A AND B COMPARED

Construction Percent

Technology Scenario A Scenario B Increase

Cost (1978 Million Dollars)

General and o
Structural 549 ‘ 642 | 17

.Mechanical 720 782 | .9
Electrical 277 432 ‘ 56
Project, Total 1,546 - 1,856 20

Schedule (Quarters)

General and

Structural ‘ 32 4o 25
Mechanical 24 . 32 33
Electrical 23 31 35
Project, Total 32 Lo 25



The comparison of the project mean quarterly indices of the CCS
shows that in both scenarios, the third quarter index is lower than for
the Firgt quarter, indicating the extent of accommodation of the project
to the seasonality of the Region. I[nspection of the mean third gquarter
expenditure for both scenarios shows that for Scenario B, the figure is

lower by 1.1 million dollars than for Scenario A.

3.2.3 Third Quarter Project Cost and Regional Seasonal Construction

The organization of project cost on a quarterly basis also provides
for a preliminary insight into the maghitude of the project relative to .
the regional seasonal economy. The measure is the increase in construc~
tion caused by the project relative to the level of construction the
Region experienced in recent years. The level of construction expendi-
tures in the Region during the summers of 1977 and 1978 is estimated at
abouf 2] million dollars. By adding the project's yearly third quarter
construction costs to the regional construction, and computing the per-
centages relative to the Regional level in the summers of 1977 and 1978,
one can approximate the relative magnitude of the project's cost, and.
possible effect. The percentages for the CCS of both scenarios are

presented in Table 3-2.

While doubling the regional summer construction expenditures may
not cause excessive hardship, more than tripling that level is likely
to affect the Region as discussed further in the text. These computa-
tions are based on the recent level of Regional constfuction; with
growth and accelerated pace of Regional construction in the nineties,
the Region is likely to experience severe strains for four or more
summer seasons-in the life of the project. This topic will be discussed

again further in the text.

3.3 impact Dynamics of the Power Plant Construction

3.3.1 Evé]uation of Impacts

The results of the dynamic impact analysis are presented fn this
section. The analysis is based on the impact of the CCS in the scenarios
on the Rhode lsland economy. The resdlting industry employment chronolo-
gies lead to the computations of the potentials of job creation and’ job

duration, and to the repercussions on South County.

-
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TABLE 3-2

RESULTING FROM THE PROJECT

Scenario A

167
281
471
514
457
338 -
186
119

317

Scenario B

167
281
319
386
481
510
281
-319
262
110

30
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3.3.2 Comparison of Timing and Duration of Impacts

In order to bring into focus the dynamic impact characteristics ex-
pected by the project, the timing and duration of the impact resﬁlting
from the two CCS are presented in Figure 3-2 which shows the estimated
schedule of Scenario A and the added time of Scenario B for each of the
industries. The combined effects of the three construction technologies
determine the timing and duration of impact on all Rhode [sland producing
industries and on the two subcontracting industries. Figure 3-2 comple-
ments the schematic illustration of Figure 2-2 and shows that a lead time
of two quarters is required even though not all industries start produc-

tion simultaneously.

Figure 3-2 also shows that the period of direct effects of construc-
tion is shorter than the period of indirect effects involving the other

industries. The difference between these two periods is the production

‘lead time. The corresponding periods for the two schedules are:

Quarters of Impact
Scenario A Scenario B

Direct Effects, Construction 32 40
Production Lead Time 2 2
Indirect Effects, R.l. Production 34 42

Total Impact Period ’ 34 42

The production lead time means that the job creation process attrib-
utable to the nuclear power plant construction project begins two quarters
ahead of construction. At that time, anticipatory producing industries
in the State begin production fo supply the project. In so doing, both
anticipatory producers and their related service industries initiate the

indirect demand for labor.

For both schedules the producing and service industries terminate
production before or with the completion of the construction project.
Toward the end of the project, producing industries engage in rebuilding
their depleted inventories to desired levels. The schedules in Figure

3-2 help explain the employment chronclogies involved.

3.3.3 Impact on Employment in Industry 9

In order to illustrate the dynamics of impact on a specific industry

-
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demand for labor, consider Industry 9, Building Materials, group 2, and

related products.* This industry was selected from among the manufactur-

-ing industries to underscore the importance of indirect effects and

because it is greatly affected by the project. The production chronology
for that industry generates its employment chronology; this, in turn,
leads to the computations of the potentials for job c¢reation and job dur-

ation. These computations are presented for both scenarios.

_Industry 9 supplies mainly General and Structural Work and the sub~
contracting Industry 21. [ts production for this project begins one
quarter ahead of construction and terminates in Scenaric A for the estim-
ated CCS at the 32nd quarter, for a total of 33 quarters, or 8.25 years.
In Scenario B, the industry terminates production in the 40th quarter,
for a total of 41 quarters, or 10.25 years. |In both scenarios, the
industry supplies the project demand and rebuilds its inventories to
aesired levels at the end of the period. These schedules are shown in
Figure 3-2. The industry employment chronologies are shown in Figure
3-3{a). The industry anticipatory production is shown in the figure; it
produces and uses labor one quarter ahead. of construction. |In fact, the
anticipatory behavior of that industry is exhibited even at the second
quarter before construction starts. However, this initial demand can be
met wholly'From inventories, so thét production is not required at that
time. The industry production leadtime requires of it to accelerate
production in the first two quarters of construction. Another large
increase occurs in'the fifth quarter in the life of the project with
subseguent sporadic increases to the nintH quarter; this is when the

schedule of Mechanical Work is affected according the Scenario B.

In Scenario A, Industry 9 peaks at the 13th quarter, even though
the estimated CCS for General and Mechanical Work peaks at the 12th and
13th quarters (shown in Figure 3-1). This is because Industry 9 must
also supply the subcontracting industry 2] whose own production peaks at

the 15th quarter, and it must have its inputs ahead of that time.

In Scenario B, the industry reaction to the change in pace of con-

K See Appendix for the descripticn of industries used in the model.
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struction is delayed by one quarter. Although General and Structural
Work curtails production simultaneously with Mechanical Work, Industry 9
responds to this change one quarter later, at the tenth quarter. At that
time, it drastically curtails production and its demand for labor. Be-
cause of the subsequent revision in the CCS and the effort by General and
Structural Work to catch up on lost time (which is also transmftted to
Industry 21), the production chronology, and hence the employment chron-
ology, of Industry 9 is fluctuating as it begins to increase production.
at the 13th quarter, péaking‘again at the 21st quarter. The second dis-
turbance in Scenario B, occuring at the 25th quarter, affects Industry 9
at the 27th gquarter, forcing it to reduce its production level more than
it would otherwise do, to about one-half 6f the previoﬁs quarter. From
there on, the industry decreases its production and the use of labor,
since it must also reduce its excess inventory accumulated at the 26th

quarter.

The two differént emp loyment Ehronologies shown in Figure 3-3(a)
have their implications on the industry demand for labor for each scen-

ario. The total labor demand by !ndustry 9 is:

Scenario - Labor-Quarters
A 3,460
3,880

Delays and added costs cause this industry to incrgase its demand for
labor by 420 labor-quarters, or by about 12 percent. Yet, the potentials
for job creation of both scenarios are not proportional to labor-quarters,
for the demand varies during the construction period as depicted by the

employment chronologies shown in Figure 3-3(a).

The number of potential jobs created by Industry 9 and their dura-
fion can be compuyted from the employment chronology ascribed to the pro-
ject. For Scenario A, the employment chronology peaks at 202 labor-quarters
during the 13th quarter, suggesting that the industry can employ 202 per-
sons. However, in Scenario B, the employment chronology fluctuates, and
although'if peaks at 175 labor-~quarters in the ninth quarter, it peaks -

again at 177 labor-quarters in the 2lst quarter and also exhibits other

.minor peaks. Employment peaks are not a reliable measure to count poten-
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tial jobs. A more careful evaluation of the potential for job creation
exhibited by the employment chronologies must include the subtleties of
fluctuation in production and by the vérious peaks. The evaluation must
consider the shape of the employment chronologies which suggest the char-
acteristics of the potential jobs. A simplifying assumption is made that
the first hired is the last fired, according to the seniority principle.
With this assumption, the distribution of job creation by job duration can

be computed.

‘Using the information generated by Scenario A, the employment chronol-
ogy shows that the industry peaks for one quarter at 202 man-quarters dur-
ing the 13th quarter from the 198 man-quarters of the earlier quarter.

This suggests the potential for (202-198) four one-quarter~iong jobs. In

similar fashion, the other short-term jobs are computed to yield:

Potential Job Duration  Opening on - :
Jobs (Quarters) (Quarter) ~Labor Quarters
y ] 13 Tl
5 2 12 10
5 3 12 15
3 4 1 12
2.5 Y

B |

_ )
Thus, there are 17 potential jobs lasting up to one year with a mean job
duration of 2.4 quarters for a total of 41 labor-quarters. The results of
these computations are presented in Table 3-3, and shown in Figure 3-3(b).
For Scenario B, the computations are more complex, for they must in-
clude all short-term jobs offered throughout the production period. Be-
cause of the Ihdustry's fluctuating production in this scenario, the in-

dustry demand is for 105 jobs lasting up to one year; see Table 3-3.

The comparison between the potential jobs generated for the two scen-
arios. shown in Table 3-3 reveals a difference of 63 jobs, or 3] percent
more in Scenario B than in Scenario A; In this example, the percentage
increase in potential jébs is larger than the 12 percent increase in
Jabor-quarters shown earlier. In other industries these relationships may
be different. .Because of the different distribution of jobs by job dura-

tion obtained for the two scenarios, the 63 net additional jobs represent
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TABLE 3-3
POTENTIAL JOB CREATION BY JOB DURATION IN
- INDUSTRY 3, SCENARIOS A AND B COMPARED

Scenario A Scenario 8

i
§

Bl

L+

Mean Mean
Duration Class Potential Jobs Job Duration Potential Jobs Job Duration
(Quarters) No. % (Quarters)’ No. % (Quarters)
to 4.0. 17 8.4 2.4 105 39.5 2.1
4L 8.0 39 19.4 6.9 ' 24 9.1 7.1
8.1 - 12.0 20 9.9 1.0 3.4 9.9
12.1 16.0 32 15.8 14.5 2.3 13.5
16.1 20.0 14 6.9 19.0 - - -
20.1 24.0 16 7.9 22.7 46 17.4 22.3
24.1 - 28.0 3 16.8 26.4 27 10.2 25.8
28.1 - 32.0 28 13.9 3.1 24 9.1 30.3
32.1 36.0 2 1.0 33.0 11 4.1 35.1
36.1 40.0 1l L 37.8
40.1 bh.0 2 0.8 41.0
Total 202 100.0 17.1 265 100.0 14.6
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gains and losses as shown in the following tabulation:

Job Duration Class Difference in Number

(Quarters) of Potential Jobs
to .o + 88
4.1 - 8.0 - 15
8.1 - 12.0 - 11
12.1 - 16.0 - 26 <
16.1 - 20.0 - 14
20.1 - 24,0 . ‘ + 30
24,1 - 28.0 -7
28.1 - 32.0 - 4
32.0 - 36.0 + 9
36.0 - 40.0 + 11
4o.1 - 44,0 + 2
Total + B3

“Although in Scenario B8 the industry demand for labor is higher than
in Scenario A, and it offers more jobs, the change in the distribution of
jobs by job duration means that the overall industry mean job duration de-
creases in Scenario B to 14.6 quarters (3.65 years) from the 17.1 quarters

(4.28 years) of Scenario A.

3.3.4 The Impact on Employment Compared

The comparison between the impacts on empioyment generated by the two

scenarios is presented in this subsection. While the impact on industry

'9 was presented in some detail! in order to introduce the reader to this

method of evaluation, the impact on all other industries can be summarized.

Although identical analysis are applied to each industry, it is the compari-

" son between the data obtained by summarizing the results for each industry

in each scenario which is impartant for the purpose of this study, partic-
ulary as applies to South Couﬁty. MoreoVer, because of the long-range
forecast embedded in the scenarios, the relationship between'the magni tudes

are more meaningful for policy analysis than the magnitudes themselves.

In the comparison, first, brojeét aggregate ‘quarterly employment multi-
pliers are presentad for each scenario. Next, direct effects on the poten-
tial for construction jobs are compared. Finally, the total effects are
comparad and the information is summarized for the evaluation of this im-

pact on South County.
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©3.3.4.1 Aggregate Quarterly Employment Multipliers

Because of the dynamic fluctuations in employment chronologies, the
static aggregate employment multiplier is inappropriate. Instead, aggre-
gate quarterly émployment multipliers are used. They indicate the ratio
of total to direct labor-quarters at each quarter in the life of the pro-
ject. The following tabulation shows the demand for aggqregate direct,
indirect and total manpower (in labor-quarters) during the first two

vears of construction, i.e.: |

Aggregate
Labor-Quarters Quarterly
Direct -Indirect Employment

Season Quarter (Construction) (Other Industries) Total Multiplier

Summer -2 18 18
-1 111 111
Winter 1 96 257 353 3.68
2 310 329 639 2.06
Summer 3 448 364 812 1.81
b 481 §71 1052 2.18
Winter 5 763 776 1539 2.02
6 1151 8élL 2015 1.75
Summer 7 1308 997 2305 1.76
. 8 1.83

1535 ‘ 1272 2807

These quarterly employment multipliers fluctuate with time; however, they

are undefined for the two quarters of lead time before construction starts.

Because the CCS were designed to accommodate the seasonality of South
County, the interest is in the winter and summer multipliers; they are
shown for both scenarios in Figure 3-4. The different dynamic character-
istics of these scenarios can be observed in the figure, which also indi-
cates the timing of the distrubances in Scenario B and the effect of

these disturbances. on production and hence on the multipliers.

3.3.4.2 Direct Effects Compared

For each scenario, the total manpower demand for the three construc-

tion technologies (industries) combined is:

Scenario Labor-Quarters
A : : . 58,100
69,600
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Aggregate Quarterly Employment
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FIGURE 3~4, AGGREGATE QUARTERLY EMPLOYMENT MULTIPLIERS;
WINTERS AND SUMMERS, SCENARIQS A AND B
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That is, in Scenario B, the added time and cost generate 11,500 additiona}
labor gquarters, or an increase of-19.8 percent over Scenario A. The total

labor demand per dollar construction cost for the two scenarios fs:

Scenario Labor-Quarter/Million 1978 Construction Dollar
A 58,100/1,546 = 37.58

69,600/1,856 36.50

These figures suggest that, all other things being equal, Scenario A is

slightly more labor intensive than Scenario 8.

However, this partial and static evaluation neglects the dynamics of
impact in terms of the implications of the changes in the construction
cost schedule on the potential jobs generated and om job duration. These
are shown in Table 3~4, suggesting that, although Scenario B contains
more potential jobs when compared with Scenario A; the added costs and
delays significantly alter the distribution of botential jobs by job
duration. For both scenarios, tﬁe overall measure of mean job duration
is 15.9 quarters, or almost four yearé, suggesting for Scenario A,

where the project is to last eight years, that the project mean job duration

is about half as long as the construction project itself. For Scenario

B, where, because of delays and added costs the canstruction project is
lengthened to ten years, the mean job duration is only about four-tenths

as long as the construction project.

Beééuse many ordinary construction projects last up to two years
and they embloy many of the occupations associated with this project, it
is worthwhile to single out jobs lasting up to two years in the evaluation.
indeed, fnspection'of the percentages shown in Table 3-4 raveals that
short-term jobs lasting up to two years accounted for 14.5 and 36.3
respectively in the scenarios, suggesting the hore than doubling of the.
proportion of such short-term jobs in Scenario B. These added 1,057
short-term jobs For‘the total of 1,590, do not appear to add to the stab-
ility of the construction job market. The project demand for these jobs
may compete with and distort the consﬁruction labor market for the other
crdinary construction projects throughout the state, including South
County, for six to éeven'central yearé of the construction period of

Scenario B.
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TABLE 3-4

POTENTITAL JOB CREATION AND MEAN JOB DURATION IN CONSTRUCTION:
SCENARIOS A AND B COMPARED
(DIRECT EFFECTS)

Scenario A Scenario 8

Difference

vy ]

Duration Potential Mean Job Potential Mean Job

Class Jobs Buration Jobs Duration B-A
(Quarters) (No.) (%) (Quarters) (No.) (%) (Quarters) (Jobs)

to 4.0 298 8.1 2.3 820 18.7 2.7 + 522
L1 - 8.0 235 6.4 6.9 770 17.6 6.7 + 535
8.1 - 12.0 680 18.6 10.4 724 16.5 10.2 Ly
12.1 .- 16.0 729 19.9 14.2 © 228 5.2 13.1 - 501
16.1 - 20.0 578 15.8  18.2 177 4.0 18.0 - 401
20.1 - 24.0 789 21.6  22.1 231 5.3 22.5 - 558
24.1 - 28.0 124 3.4  26.4 300 6.9  26.7 + 176
28.1 - 32.0 . 227 6.2 31.2 1,010 23.1 30.4 + 783
32.1 - 36.0 53 1.2 32.4 + 53
36.1 - 40.0 67 1.5 39.5 + 67
Total 3,660 100.0 15.9 4,380 100.0 15.9 + 720
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3.3.4.3 Total Effects Compared

Because the concern of this study is with the effects of the project
on South County, the information generated by the analytical model can be
further summarized for the purpose of the evaluation at hand. For this
purpose, distinctions are made among three kinds of potential jobs class-
ified by job duration. Short-term jobs are those lasting up to two years
As earlier indicated, these jobs do not add to the long-term stability of
the construction jobimarket, they may compete with other construction
projects, and their relative short term may either Sccentuate or smooth
the employment fluctuations associated with the business cycle. Inter=
mediate-length jobs are those lasting for more than two and up to six
years (from nine to 24 quarters). Long-term jobs are those lasting more
than six years (25 or more quarters). The six-year cut-off was selected
for two reasons. The schedule of many of the large and complex construc-
tion projects is usually more than six years. These projects are tradi-
tionally considered as bringing stability to the construction labor mar-
ket. More importantly for this study, the six-ygar limit is the time
required for a pupil to pass through an elementary or secondary school.
Because of these considerations, an assumption is made that some of those
employéd in jobs‘of more than six years may wish to locate in South

County.

The distinction among short-, intermediate~ and long-term jaobs is.
also useful to the understanding of the impact of construction delays.
For the data presented for the two scenarios in Table 3-4 suggest that
the net 720 additional construétion jobs of Scenario B appear to be
approximately equally divided between short-term jobs (lasting up to two
years) and long-térm jobs (of more than six years). The reallocation of
jobs may differ for other scenarios involving delays.and added cost.
Generally, however, it is reasonable to expect project delays and added
cost to affect labor unequally: some potential jobs are lengthened and
others shortened while in thé aggregage, more jobs are offered suggest-

ing, perhaps, employment opportunities to more persons.

For industry 9, the data presented earlier suggest ;he following

reallocation of jobs because of delays and added costs:
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Job Duration (Years) Scenario A Scenario B Difference

Short (up to 2) 56 - 128 + 73
Intermediate (3-6) 82 61 - 21
Long {(more than 6) 64 75 + 1
Total 202 265 + 63

The relevant data for the total effect on long-term jobs distinguish-
ing between direct and indirect effects in both scenarios are shown in
Table 3-5. |Inspection of the table suggests that the project may gener-
ate between 351 and 1,430 long-term construction jobs, representing the
direct effects, and between 306 and 544 long-term jobs in the other in-
dustries, representingbind}réct effects. These are the relevant data for

subsequent evaluation of the impact on South County.

3.3.5 The Potential for Job Creation and Actual Employment

A note on the interpretation of the results presented is in order,
Not all of the many potential short-term jobs are likely to be realized,
for two reasons. First, to~the'extent.that the impact analysis estimates
the demand created in order for an industry to supply the project, the
estimates represent only a porfion of each industry total production at
each quarter, for the industry also produces to supply other markets.
Thus, the estimated demand attributable to the project must be combined
by the industry with the demand originating with these other markets.

The industry can then combine some of the short-term jobs for the praoject

‘with others to obtain longer-term jobs. §econd, for a variety of reasons

producers are often reluctant to hire many employees for short-term per-
iods. Instead, they may opt for overtime work with their current work-
force during periads of peak production. In this way, the effective num=-

ber of short-term job openings may also be reduced.*

In turn, these considerations lead to the broader question of recon-
cilfng labor supply with demand. The poésible scarcity of labor foreseen
for the nineties may mean that some delays may occur in filling positions,
and that not all potential job openings may be filled. These, too, may
have their repercussions on the number of persons employed, on their over-

time load, on wage rates, and on related manpower issues. in extreme

* The analysis presented may suggest the extent of possible overtime work.
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TABLE 3-5°

TOTAL EFFECT ON LONG-TERM JOBS COMPARED

Long=Term Duration Class

(Quarters) Total
, 24,1~ 28.1- 32.1- 36.1- 4o.1- 24,1~
Industry  28.0 32.0 A36.0 40.0 L. 0 Li .0
Scenario A
1 - 16 61 38 11 - - 110
17 = 20 69 51 10 - - 125
2] - 22 51 20 - - - 71
indirect 181 104 21 - - 306
Direct, 124 227 - - - 351
const. 7
Total 305 331 21 - - 657
| Scehario B
1 - 16 - 98 82 11 13 245
17 = 20 7 31 75 50 10 173
21 - 22 22 Sh 44 ) - 126
Indirect 70 183 201 67, 23 Shi
Direct, 300 1,010 53 67 - 1,430
const, .
Total 370 1,193 254 134 23 1,974
Difference (B-A)
Indirect =111 + 79 +180 + 67 + 23 + 238
Direct, +176 +783 + 53 . + 67 - +1,079
const . '
Total + 65 + 23 +1,317

+862 +233 +134
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situations, possible additional delays in construction may also occur.

Further, the reconciliation of labor demand and supply must distin-
guish among occupatiocns, for the demand for welders cannot be met with
carpenters. The evaluation must then consider the occupational composi-
tion of the potential for job creation, thereby adding another dimension

to the measure of job creation, in addition to job duration and timing.

Finally, there remaijs the issue of accommodating specific groups
among the unemployed: the unskilled, minorities, women and other seg-
ments of the labor force, for some of which specific legislation applies.
The reconciliation of labor supply and demand, including these legisla-
tive requirements, state manpower policies with regard to the project and
union rules, help determine the persons to be employed.* These issues
should be re-éxamined nearer the date at which the utility is expected to

resubmit its application. '

3.4 Impact of Power Plant Qperations on Employment

With the completion of construction and the interim perio&vof plant
pre-testing and start-up, the plant is ready for normal operation. The
level of manpower demand.is expected to stabilize in the requirements
for normal pfant operation and maintenance. These requirements are es-
timated to reach a stable level five years after completion of construc-
tion, or around the year 2010. Due to the long time interval imposed on
the long-range Forecasts, plant operation and maintenance personnel re-
quirements may change from those estimated in the seventies. For purposes
of this study, personnel requirements are estimated in the range of 200 -
250 jobs. These are the direct labor effects. The indirect Iabor’effects
for employees engaged in supplying the power plant with goods and services
necessary for its operation are then added. With the continuing economic
development of South County as Furthgr stimulated by the power plant, it
is assumed that about one-third of the indirect manpower requirements will

be in establishments located in the region, i.e., 20 - 33 jobs.

Thus, the total effect of the plant's operation on South County is

summarized as follows:

% For a discussion of the Rhode Island manpower policies regarding the
project, see Callaghan and Comerford (1978). :
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Effect - - . Jobs
Direct ' . 200 - 250
Indirect 20 - 33
Total 220 - 283

These are expected to last for the useful life of the facility, orig-

inally estimated at 40 years. Most of the jobholders are expected to

reside in Scuth County.
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L. IMPLICATIONS FOR SOUTH COUNTY

4.1 General Remarks

Several references have been made in this repoft concerning the impact
of the power plant on South County. . These will now be brought together in
order to émphasize two of the facets of impact implications for the Region.
These are:

a) the effects of the potential long-term jobs on migration of
workers to South County, and ‘

b} the effects of summer commuting to the construction site.
These, in turn, may suggest an insight into regional growth prospects as

may be stimulated by the projéct. Finally, the examination of these rami-

fications can suggest the future options for the timely formulation of

mitigation strategies and for the development of accommodations plans.

fn developing the scenarios, a key assumption was made that the utility
will mold its construction cost schedule to accommodate the seasonal economy
of South County. This accommodation in the Construction Cost Schedule was

shown to mitigate some of the adverse effects of the pressure of construc-

‘tion as may find their expression in the competition for the use of highways

in the Region and in the demand for&short-term construction jobs. In the

main report of this study, Volume 2, Regional construction employment was

shown to be linked with tourist trade. Because of the small construction

labor pool in the Region, it is estimated that the demand for short-term con-

_struction jobs will be filled mostly from the labor force rolls in Providence,

with only minor local recruiting. Even this minor recruiting may cause a
local scarcity of construction labor and commensurately increased wage rates.
These, in turn, may lead to difficulty in undertaking local new and repair
construction catering to tourist trade and to difficulty in sustaining the
development of the Region. This is one of the issues that must be addressed

by the-Region at the proper time.

4.2 Long-Term Jobs and Migration to South County

Some of those employed in the long-term jobs created by the project may
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locate in South County. Most of the construction employees are likely to

be employed at the project site. For them, living in South County offers

the advantage of a shorter work trip compared with a ride from the Provi- .

dence area. The place of employment of those in the other industries sup-
plying constructicn may be anywhere within Rhode {sland; they are most
likely to be concentrated within the inner part of Providence SMSA. How=-
ever, among those employed in Providence and in the towns on the western
side of Narragansett Bay with a job security of over six vyears, some may
find it advantageous to move to South County. For these reasons, the
percentage of long-term job holders likely to move to South County is es-
timated to be higher among construction employees (counted in the direct
effects) than among those employed in the other industries and counted
among the indirect effects. The percentages of long-term jobholders es-

timated to move to South County are as follows:

Effect Percent of Long-Term Jobs
Direct 12 (range of 10 = 15)
Indirect 5 (range of 3 - 8§)

These suggest that the number of jobholders moving to South County accord-

ing to Scenario A are estimated as follows:

Effect Total Moving to South County
Direct 351 42
Indirect 306 15
Total 657 57

For Scenario B, the corresponding estimates are:

Effect Total Moving to South County
Direct 1,430 172
Indirect 544 27
Total 1,974 199, say 200

That' is, Scenario 8 shows 143 more moving to South County than does Scen-
ario A. '

Because of the variations in job'duration, the advantages of moving

to South County will be greater during the early years in the life of the
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project. As the project accelerates in the first two years, those who
may find moving advantageous will do well to move as soon as they can.
ln Scenario A, during the third year in the life of the project, only a
few will still find it advantageous to move, since the six-year horizon
extends beyond project completion. Thus, for Scenario A, the timing of

the estimated number of long-term jobholders moving to South County is:

First Year 17
Second Year 29
Third Year 11
Total 57

Estimating the timing of the move to South County for Scenario B is
much more compiex. This is because the disturbance in Scenario B occurs
at the ninth quarter by which time (17 + 29 =) 46 of those moving are al-
ready in South County. Yet, the interpretation of the event as it affects
the lengthening of the project involves various subtleties in the way peop-
le perceive events (and specificél]y sudden events) and reépond.according-

ly. While a much more sophisticated mode of analysis is required than

falls within the confines of this study, a first approximation can be

offered. For simplicity, it is assumed that the addition of 143 moving

to South County in Scenario B exhibit similar propensities to move as do
those in Scenario A, except that their timing is associated with the third,
fourth and fifth years of the project. Accordingly, this simple first

approximation suggests the following schedule of moves:

Project Year Scenario A Difference (B-A) Scenario B Percent of B8

1 17 17 8.5
2 29 29 14.5
3 1 43 54 27.0
4 72 72 36.0
5 28 : 28 14.0.
Total 57 143 200 100.0

Assuming each long-term moving jobholder requires a housing unit, the es-
timate shows a peak demand for 72 housing units during the fourth year of
the project. For comparfson, these 72 housing units represent 0.7 percent

of the total number of housing units for which building permits were granted

in 1978.
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4.3 Summer Commuting to the Construction Site

The aggregate construction employment chronology suggests the number
of construction workers commuting to the project site. These estimates
are presented for the summer quarters, the most critical in view of the
South County tourist season, when local traffic peaks with the arrival
of tourists. The estimates eertain to construction workers commuting to
the project site from outside of South County during the third quarter of
each year, mostly From.Prcvidence and nearby towns. |t has been estimated
that most construction workers reside in Providence and nearby tdwns; see

Callaghan and Comerford (1978).

The number of commuting construction workers are pfesented for both
scenarios, estimated by subtracting from the total labor-quarters of each
summer: (a) the estimated number of construction workers residing in
South County at the time, and (b)‘the estimated number_of off-site con-

struction employees, adjusted for those'residing in South County.* The

* Estimates of those residing in South County are computed as: number
of those moving in the previous year or vears plus one half of those
moving in the current year, except for the last year where all those
currently moving are included.

The estimated number of off-site construction workers adjusted for
those residing in South County are computed as follows: for Scenario A,
off-site construction workers are first estimated at 10% of the jobs
lasting five and six years and 20% of the jobs lasting seven and eight
years, for a rounded total of 210 jobs, accounting for 5.7 percent of
total construction jobs and about 8.4 percent of total labor-quarters.
0f these, those lasting more than six years are adjusted to exclude
those moving to South County at the rates previously used. The non-
moving off-site workers are assumed to be employed during the first
year of the project and their number declines according to their job
duration. The estimate of 210 off-site construction employees from
Scenario A applies to Scenario B until the ninth quarter, at which time
the first disturbance occurs. The new regulations of Scenario B require
modification in specifications, plans, change orders and related work
performed off site. Consequently, 40 additional off-site employees are
hired for short-term assignments (mostly two years). The second dis-
turbanceé in Scenario B does not involve additional off-site employees.
The resulting off-site employment chronology which is modified by length-
ening job duration, is then adjusted to exclude those moving to South
County at the rates assumed. For example, during the first summer season
there are a total of 448 labor quarters from which: (a) 17/2 = 9 are de-
ducted to exclude those moving, and (b) 65 are deducted to exclude off-
site employees who do not move to South County; i.e., 448 - 9 - 64 = 375,
The resulting figures are then rounded to the nearest ten, or 380 in this
example.
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number of construction workers commuting daily from outside South County
to the project during the summer quarters is shown for both scenarios in

Table 4-1.

These data suggest that commuting by car is likely to seriously affect
the traffic flow in the Region. Alternatively, special bus commuting can,
be initiated, associated withbparking restrictions at the site for those
living outside the Region. The corresponding estimate of required buses

are also presented in Table 4-1.,% {

The estimates presented in Table 4-1 suggest the extent of traffic
problems that may be encountered in South County. Because construction
workers commute in the direction reverse to the normal commuting traffic
in South County, it is roughly estimated that a load of less than 30 buses
may not cause significant traffic hardship. However, in seasons when 30

or more buses are expected toc roll each morning.and evening during the

~summer months, the Region may experience difficulties in handiing the

spurts of traffic flow:

For Scenario A, traffic pressures may be felt during four of the sum=
mers, while for Scernario B, the difficulties may be expected for three of

the summers.

These estimates pertain only to traffic loads of commuting workers

from outside the Region. In addition, traffic ought to be added resulting

from the delivery of construction materials, supplies and machinery, the
delivery and return of cqnstruction equipment, and the flow of vehicles
used by maintenance inspection and management personnel. Although the
moael may be used to estimate the quantity of materials required at the
site, the corresponding additional traffic estimates will have to be
undertaken at a later date, closer to project permit application. Because
of the changing structure of energy prices, the mix in the type of vehicles

used in construction may change during the coming decades.

The data presented in Table 4-1 outline the extent of the traffic

* The number of buses was estimated using a 50-person/bus load factor,
rounded to the next full number. These are based on the foreseeable
bus capacity of 45-55 persons/bus in the eighties. Improved bus designs
for the nineties may increase capacity.
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TABLE 4=

COMMUTING TO THE PROJECT DURING SUMMER QUARTERS

Summer Scenario A Scenario B

Year Quarter Persons Buses Persons Buses
| 3 380 8 380 8
2 | 1,220 25 1,220 25
3 1. 2,620 53 1,360 28
4 s 3,050 61 3,720 35
5 19 2,620 53 2,420 49

6 23 1,980 40 2,680 54
7 27 920 19 2,290 24
8 31 70 2 2,360 28
9 35 2,030 21
10 39 (a) 2

(a) Number of those moving and off-site construction workers approximately
equals the total number of workers that season.
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problems which can be -expected because of the project. Here, several
mitigation strategies can reduce the severity of the problem. One is
the reliance on rail transportation. Because of the need to deliver
supplies to the project, the construction of a railrecad spur to the site
will alleviate most of the traffic problems assaciated with the delivery
of goods and can partly alleviate the problem of transporting workers.

A four-car commuting train can transport about 400 workers.

Another mitigation strategy is the staggering of working hours and
the use of flexi-time work policies. These tend to lengthen the daily
period during which commuters arrive at the site, and thereby lessen traf-
fic congestion and possible hazards. A combination of both strategies

ought to be employed as another alternative.

The delivery of materials and supplies carried on the Region's high-
ways, as distinguished from those delivered on a railroad spur, need to
be addressed. At least some of the summertime deliveries can be scheduled
for earlier shipment. Included are_ the buIEy sand and gfavel to be shipped
from nearby quarries and the Cemenf most likely to be shipped from outside

New England, all required for the on-site mixing of concrete.*

L. 4 Growth Propects

Regional ‘growth prospects stimulated by the project may be character-

jzed as those stemming from the plant construction and operation and those

which may be influenced by the presence of the plant in-South County.
Growth stemming from plant construction and operation is primarily associ-
ated with employees locating in South County.*% ‘As noted earlier, some of
those associated with plant construction were expected to move to the
Region in the early years of construction; for Scenario B it was estimated

that 200 would move during the first five years. In Section 3.4 it was

Because of the project's size and duration, a concrete mixing plant is

usually built on site, resulting 'n savings in construction cost. Sim=
ilarly, temporary eating accommodations are installed, suggesting that

only a few of the project empioyees will patronize the Region's restau-
rants and other eating and drinking places.

%% Qther growth effects such as some expansion in restaurant and lodging to
accommodate visiting personnel are excluded at this time. These are es-
timated to exhibit lesser effects than those selected for examiniation.
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estimated that 220 to 238 were associated with plant operations in South
County. For simplicity, the mid-value of 252 persons is used.‘ For
Scenario B they can be expected to locate from the eighth to the 15th
year, by which time the start-up bhase is completed and the plant is
settled into a stable level of operaticon. Thus, because of plant con-
struction and operations, migration into the Region occurs in two phases:
the first during the first five years, and the second starting the the

eighth year and lasting perhaps eight years.

This slow, pulsating migration as- it were, viewed in terms of Region-
al growth processes, represents the direct effect associated with the pro-
ject. Growth due to the indirect effect ought to be added to account for
the increase in the demand for various local servicés fn the private and
public sectors caused by those moving into the Region. The indirect

growth component is to occur at the turn of the century and beyond, and

~ ought to be viewed in a broader context of regional growth expected then.

Sinca regional growth rates are less predictable as the time horizon in-
creases, no estimate of indirect growth is provided at this time. |t

is noted here only for completeness.

Growth may also be influenced by the location of the power plant in

South County. Because of the foreseeable rise in energy prices and the

-need for energy conservation, it appears that future industrial location-

al patterns may become more sensitive to the location of energy sources.
This is because the transmission of electricity involves a power loss
approximately as tabulated in Table 4-2. The power loss shown is approx-
imate because it will vary with transmission line design and configura-
tions. The 1ocatidn of energy-intensive manufacturing plants in the
proximity of power plants reduces the system power loss, resulting on
the one hand in overall energy savings and possible economies in the
rate structure and in possible slowing of the pace of power plant addi-
tions as the demand for electricity grows with time. On the other hand,
the reducticon in systems power loss may offer the newly locating energy-
intensive manufacturing plants discounts in the price of energy, thus

making it possible for at least some of them to locate in Rhode Island.*

* For an examination of the decline of energy-intensive manufacturing in
New England and the resulting effect on total manufacturing employemt,
see Romanoff (1976), and for an interregional examination of energy
costs in manufacturing production, sée Romanoff, Ahmed and Davis (1978).
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TABLE 4-2

APPROXIMATE TRANSMISSICN POWER LOSS
WITH DISTANCE

Distance from Generator Percent Power Loss
(miles) Approx. Mediand Range
25 2.0 0.4 - 3.9
50 . 3.9 0.8 - 7.7
100 7.7 1.6 - 14.8
150 11.3 2.4 - 21.3

'Dove' bare aluminum steel-reinforced conductor

Source: Stevenson {1975)
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These locational effects are likely to become even more critical if the

outer continental shelf (0CS) explorations off New England waters are

. successful. For Rhode island to capture its share of the anticipated

growth in the processing of oil and gas and in the associated petrochem-
ical manufacturing, the State will have to examine industrial location
policies. These considerations suggest the preferable location of energy-
intensive manufacturing plants in the proximity of the power plant, e.g.,
within a 25-mile radius. The foregoing together with the anticipated im-
pact of outer continental shelf explorations still to be examined can be
only briefly sketched out at this time. However, they suggest the pros-
pect for industrial development in South County itsel!f or in nearby towns

with consequent additional population growth in the Region.

These growth prospects are schematically illustrated in Figure 4-1.
The two phases of growth associated with plant construction and operations
are shown in Figure 4-=1(a), while the total growth discussed in this
section is roughly shown in Figure 4-1(b). The‘figures show two growth
waves in number of workers moving to South County and hence in éhe demand
for housing units. Other future growth prospects will generate other
growth-wayesw However, three common features appear to pertain indepen-
dently of the scenario selected: '

(a) The construction-related érowth wave is likley to be distinguish-

able from those stemming from other effects.

(b) The duration of these growth waves may be similar to that of
business cycles, may either accentuate or smooth the local effect
of business cycles of that time, and may also be modified by the
business cycles.

(¢) Each of the waves is likely to contribute only a fraction of the
total annual growth of the Region. The cumulative effect of the
second wave appears to be larger than that of the first, and if
industrial growth is to take place, it may continue well beyond the
time shown.

Although the effects described may be quite small relative to the

total annual growth of the Region it is important to recognize that
their cumulative effects are likely to contribute measurably to the pres-

sure for the urban transformation of South County by the next decade.

The growth described is not likely to be concentrated in the town in

“which the utility decides to build its plant. Rather, the growth is likely



-0~

Housing Units
100 »

50 . ! ‘
{
|

1
1
H
1
!

0

| [ | 1

' } 1 1 t [ 1 1 1 {
0 5 10 15
[ : !
:-———f———— Construction i‘* Operations
(a) Construction and Operations
i
.o I
! {
I |
100 {-"—‘— Start-up ——-1|
. 1
- 2N !
/ /fc’ : ‘~'~ !
50 » / \ ,/ | ~<d
\ Y ! [
/ \ // ! l
// \ /;I
/ N
y
0 LI [ [ 1 T 1 ] ] [ [ ] ] I T
0 5 0 15

(b) Total Growth (Schematic)

Years

—}

Years

FIGURE 4-1, REGIONAL GROWTH WAVES IN THE DEMAND FOR HOUSING UNITS



esdin -

iadatni 0

sy

-61-

to take piace throughout the Region. Those employed at the power plant
are likely to locate within a convenient commuting distance, in neighbor-
hoods where affordabie housing can be acquired and where the range of
services offered is consisteﬁt with the expectaticn of the new1y~locating
families (e.g., good schools, the variety in nearby shopping, access to
various nearby services and recreation facilities, and proximity to pub-
lic transportation). Should the plant be located in Westerly, it is
reasonable to expect that part of the growth will be directed to the‘

neighboring Connecticut towns.

4.5 Ramifications and Future Options

The dynamic impact analysis examined several facets of the implica-
tions of building a nuclear power plant in South County. The examination
was undertaken from the vantage point of South County as distinguished
from utility=-sponsored impact analysis. Utility-sponsored impact analysis
addresses mainly the effects generated by the proposed plant design op-
tions, and the material is organized with the aim of winning approval of
the proposed project at public hearings held by regulatory agencies. By
contrast, the objective of impact analysis under the Coastal Energy im=-
pact Program is different: the purpose is to evaluate the effects of an
energy—related proposal in terms of its repercussions on the coastal
zone communities should the project be approved, rather than with the
totality of the effects wherever they may fail. The evaluation of these
effects ought then suggest the coordinating mechanism among the towns
themselves and the various levels of government for the mitigation of
adverse effects and the developmen; of accommodation plans. The extra
lead time afforded by the poé;ponement in the application for plant con-
struction provides South County with a unique opportunity other commun-

ities normally do not have: namely, time for advance preparation.

‘The Coastal Energy Impact Program stresses intergovernmental cooper-
ation. Because of the complexity of the issues involved, the adversary
proceedings embedded in past public hearings do not appear conducive to
the effective resolution of issues of interest to South County. This
suggests that the resolution of issues may be enhanced through a mechan-
ism involving the uti]ity. indeed, some preliminary steps were initi-

ated in this direction in the early phases of the Program.
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|t appears that in order to resolve the issues of impact mitigation

in a mutually satisfactory manner, there is a need to develop a mechanism

whereby both the Region and its member towns on the one hand, and the
utility on the other hand can work toward mutual accommodation starting
at the planning stage of the construction project. The mechanism to be

developed can then, perhaps, supplement the public hearing proceedings.

The various assumptions embedded in the scenarios concerning impact
mitigation imply additional costs to the New England Power Company.
Their mitigating effects can best be developed at the planning stage
before the constfuction cost schedule is set. However, the reéonciliation
at the ﬁlanning stage reduires that South County have its own information
at hand on the issues involved and a timely understanding of the mitiga-
tion objectives. These can be furnished by the Regional Coastal Energy
Impact Program of South County and its committees representing the member
towns.

In the absence of aﬁ option for timely mutual accommodation, it Is

doubtful whether the complex issues of impact mitigation can be resolved

. in a satisfactory manner.

‘The dynamic impact analysis suggests that the project schedule from
the planning phase through construction to operations imposes a particu-
larly difficult task on the towns in the Region, namely to respond in 5
timely manner. That is, if the towns of the Region are to achieve the
most by way of impact mitigation and accommodation plans, they will have
to respond with (and initiate) actions at specific times. This requires
advanced planhing and preparation well ahead of the foreseeable event.

Delays'may mean lost opportunities and added costs.

Because of the importance of the seasonal economy to South County,
an attempt was made in the development of the scenarios to introduce some
simple feature of seasonal accommedation into the power plant construction
cost schedule. Yet, as was shown, delays in the complex construction pro-
cess are to be expected. One path toward the assurance that the pace of
cbnstruction and changes in schedules will not conflict with the seasonal
economy is by the issuance of conditional'pérformance permits either at

the State of Local level. The conditional performance permit can then
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specify the seasonal safeguards to be observed by the utility and its
construction firm. OQOeviation from the specified performénce can then
result in fines, forfeit of performance bonds, or suspension of con-
struction for the summer months. The legal procedures required to in-

itiate the conditional performance permit ought to be examined.

' These broad recommendations supplement the more detziled sugges-
tions presented earlier. They are offered in order to éafeguard the in-
terests of South County and suggest approaches to impact mitiéation.
Should the power plant be built, it will be the Targest construction un-

dertaking in Rhode lsland's history.
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APPENDIX A~
THE MOOEL

The simulated dynamic impact analysis is undertaken by the use of
a simplified version of the RSRC Sequential Interindustry Model (SIM),
and modified for purposes of this evaluation.

Some of the main features of the workings of SIM are briefly de-
scribed. SIM builds upon the static input-output model by the intro=
duction of the chronclogy of industry production. Production is thus
not undertaken simultaneously, as in the static input-output model, but
rather in some sequence over a period of time. This approach enables
the consideration of the role of each industry in the dynamic structure
of producticon, recognizing that natural and cultivated resources flow
through sequences of production to their final use.

Alternative modes of industry behavior are considered. They pro-
vide the means for gaining insight into the ''black boxes'' of production,
beyond the mere concern with inputs and ocutput. The model recognizes
two simplified and pure production modes. In one, production is under-
taken in anticipation of demand stimulus, leading to anticipatory pro-
duction. In the other, production takes place after a known demand
stimulus, leading to responsive production. The latter is typical of
the construction industries and their sub-contractors. B8oth of the
production modes are represented in the model, which depicts the dynamic
linkage of production to demand.

Additional distinguishing features which are not available in the
static input-output model are introduced. They are: the treatment of
the industry interval, the handling of information, and the use of al-
ternative inventory management policies. The latter two differ for

anticipatory production and for responsive production. The model oper-

ates in response to final demand stimulus at each interval during the
period under examination, as given by the construction cost schedules
for each construction technology.

Because of the interdependence in production, levels of industry
output are determined by the effects of both final and intermediate
demand stimuli. The resulting pattern of fluctuating industry output
for all intervals records industry production chronology and thus also
employment chronology. The State level industry employment chronolo-
gies lead to the computation of the potential for job creation and job
duration. These latter estimates are used to assess the impact on the
Region. :

A more detailed and mathematical presentation of the early version
of the sequential interindustry model is given in Romanoff ‘and Levine
(1976, 1977a, 1977b). Some of the modifications leading to the current
version of the model are presented in Romanoff and Levine (1979). The
theoretical linkage between the Leontief static input-output model and
the sequential interindustry model was shown in Romanoff and Levine
(1977b). ' )

Although in using SIM, the simulation modeling approach bears cer-
tain similarities to that developed by Forrester (1961), it differs in
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some key conceptual and operational features, particularly in the reliance
on interindustry analysis and in the dynamic extension of the ''static!

_input-output model. SIM also differs markedly from the sequential simula-

tion model in Golloday and Haveman (1977), where the sequencing is mostly
in data handling exogenous to the input-output model and in the use of the
static input-output model, thereby ignoring production chronology {(pp. 39-40).

A further description of the model applications to the evaluation of
the impact dymamics of large comstruction projects can be found in Romanoff
and Levine (1980). :
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APPENDIX B
THE STRUCTURE.OF THE RHODE |SLAND ECONOMY

The structure of the Rhode |sland economy 'is described by an inter-
industry matrix which identifies the industries in the State and the
economic linkages among them, modified for the purpose of the model.

The linkages are in terms of regional input-output coefficients. They
specify the dollar value of an input from a supplying industry to a
producing industry per dollar output of that Rhode !sland producing
industry. . :

The data for the interindustry matrix are mainly from two sources:
the RSRC industry files and a special RSRCL survey. These were augmented
from other secondary sources, such as the U.S. industrial census, the
R.1. Department of Employment Security (RIDES), and various publications.
For this study, the RSRC Massachusetts industry production files were
used in two ways: (a) data on firms reporting on branch plant R.!.
operations were used, and (b) Massachusetts four-digit $I1C production
data were used for those industries where production difference between
the two states is fairly small. These data were adjusted mostly for the
difference in interregional trade and in size of establishment between
the two states. The other source of information, the RSRC survey of
local construction and construction-related establishments, was conduc-
ted in the Summer of 1979. With the withdrawal of the application by
the utility and the subsequent redesign of the study to forecast the
long-range impact, some of the R.l. survey data were not applicable to
the new time horizon.

The study redesign required the forecast of future production tech-
nology. Some forecasts were based on industry production file data from
1965 to 1978, others were based on the use of foreseeable changes in rel-
ative prices for energy, transportation, and other key inputs. These
were further modified, judgmentally, to account for likely material sub-
stitutions and other long-term effects, including some foreseeable
changes in the composition of Rhode Istand industries. These data were
classified according to the specifically developed 54-industry Rhode
Island Industrial Code (RIIC) in order to reduce error in the forecast
and to make it consistent with RIDES data so classified for purposes of
the employment study noted in Volume 2, These data were then aggregated
for the purpose of the model. |In the aggregations, particular care was
excercised to preserve the properties of the dynamic structure of pro-
duction jn the reduced matrix.

For modeling requirements, a distinction is made between anticipa-
tory and responsive production. There are 20 anticipatory industries in
the sectoring plan. Of these, 14 are manufacturing, where because of
the importance of durable goods production to the model, they were clas-
sified in greater detail. For durable goods, there are nine industries
and one residual industry for a total of ten. For non~durable goods,
there are three industries and a residual industry for a total of four.

While construction industries and special trade contractors and fab-
ricators operate in a responsive mode, some of the fabricators belong to
SIC industries which also operate in an anticipatory manner. In the
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sectoring plan, these are assigned to both production modes’ in order to
preserve their representation in the dynamic structure of production.

&

Construction was classified into three groups, where each represents
a unique production technology.® As noted in the text, the construction
technologies (industries) order from their subcontractors and fabricators,
who produce in response to these orders, and must await delivery of con-
tracted items before they can be installed. That is, the completion of
each construction component allows for the assembly of the subcontracted
item and for its installation. In order to model this process in its
simplest form, construction takes twice as long as in the case of other
industries. Each of the three construction industries is! partitioned into
early and later phases of production, where the inputs of the subconstrac-
tors and fabricators are only in the later phase. Hence, there are six
construction industries in this version of the model as well as two sub-
contracting and fabricating industries. Thus, the model utilizes eight
responsive and 20 anticipatory industries, for a total of 28 industries
which are represented in the Rhode Island interindustry matrix. The sec-
toring plan follows:

Industry Name and 8rief Description Related SIC

1 Agriculture, forestry and fishing 013, 016, 018,
024, 025, 07,
081, 091, 092

2 Mining and quarrying of nonmetallic minerals, 14
except fuels

3 Lumber and wood products 24
4 ~ Furniture 25
5 Industrial chemicals ' : 231, 282, 286

Industrial inorganic and organic chemicals,
plastic materials and synthetics

) Chemical products 283, 284, 285
Drugs,. soap cleaners and toilet goods, 289, 292, 299
paints and allied products, misc. chemical
products, paving and roofing material and
misc. petroleum and coal products.

7 Rubber and misc. plastic products 30

8 Building materials, group | 322, 323, 325
Glass and glassware, products of purchased
glass, structural clay products, pottery
and related products

* The three construction technologies represent a simplified approach to
the distinction among the technologies required of nuclear power plant
construction in this first application to-this topic. Based on our ex-
amination of mass transit construction, a greater modeling sensitivity
is obtained if construction is further subdivided, Romanoff and Levine
(1979b), which was far beyond the resources for this study.
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Industry Name and Brief Description - Related SIC
9 Building materials, group 2§ related Comps. 327, 328, 329
Concrete gypsum and plastic products, cut 3442, 3446,
stone and stone products, misc. nonmetallic 3449
mineral products, metal doors sash and trim,
architectural and misc. metal work

10 Primary metal industries v 33

11 Fabricated metal products * 34

12 Non-electrical machinery = - 35 _

13 Electrical equipment and apparatus and 361, 362, 367
e]ectroni; components and supplies %

14 Electrical and electronic equipment = 364, 365, 366
Electric lighting and wiring equipment, 369, 381, 1382
radio and TV receiving equipment, communi-
cation equipment, misc. electrical equip-
ment and supplies, engineering and scienti-
fic instruments, measuring and controlling
devices

15 Other durable manufacturing & construction MsR

16 Other nondurable manufacturing

17 Transportation ' Lo - 45, 47

18 Communications, electric gas and sanitary e, 48, 49
services

19 Trade, wholesale and retail 50 ~ 59

20 Finance insurance and real estate and services 60 - 89

- 21 Special trade contractors and building 17, exc.
material fabricators 171 and 173,
Special trade contractors, cther than 327%
plumbing and electrical work, concrete
product fabricators

22 Metal fabricators, non-electrical machinery *
fabricators and specialized electrical and
electronic fabricators

23 Construction, general and structural work,
first phase

24 Construction, general and structural work,
second phase

25 Construction, mechanical work, first phase

26 Construction, mechanical work, second phase

27 Construction, electrical work, first phase

28

Construction, electrical work, second phase

* Except as elaswhere specified
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APPENDIX C
EMPLOYMENT CHRONOLOGY AND INDUSTRY AND AGGREGATE POTENT!AL JOB8 COUNTS

The purpose of this appendix is to distinguish between industry total
and aggregate measures of jobs by job duration obtained from two employment
chronologies. Consider two industries, (1) and (2), whose employment chron-
ologies are shown below together with the aggregate employment chronolagy
for (1¢2). The employment chronologies represent four labor-quarters (LQ)
for each of the industries and therefore eight L) for the aggregate chron-
ology (182).  We wish to compute the number of jobs and their duration ac-
cording to the hiring and firing rules described in the text. The L0 tab-
Julations for the employment chronclogies shown further below are:

Quarter Ind. (1) Ind. (2) Agg. (1&2)

] 1 2 3
2 , 2 ] 3
3 ] 1 2
Total I In g
The job distributions by job duration are:
ind. (1) fnd. (2) ind. (1+2)
Jobs Duration LQ Jobs Ouration LO . Jobs Duration LQ
1 T T T T T 2 i 2
1 3 3 I 3 3 2 3 6
2 Iy 2 L % g

Each of the industries generates two jobs totaling four LQ and the total is
four jobs totaling eight LQ. However, for the aggregate chronology (1&2),
the job distribution is:

Agg. (1g2)
Jobs Duration LQ v

] 5 3 Lo Ind. (1)

2 3 6 ’ 2

3 g S

In this example, the total number of jobs shown for () e

ind. (1+2) is not equal to that of agg. (1&2), even though - : : :
their total LQ is identical. The two one-month long jobs : tnd. (2)
obtained by summing the job distributions derived from : . .
each of the industry employment chronologies as given in 2 :
ind., (1+2) differ from the one two-month long job obtained *
from the aggregate employment chronology of (182). This 0 -
is because the two one-month long jobs of ind. (1+2) were: § : :
aggregated into one two-month long jab. To avoid aggre- : Agg. ind. (1&2)

gation bias, job counts ocught be obtained from industry-

level chronologies, not from the aggregate chronology. 2" ' ] ;

The aggregation bias is magnified if the industry pro-
duction chronoclogies are not simultanously initiated. The
more disaggregate the industry chronologies, the lesser the : g
bias in job counts. - 3Q
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